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© Slte^pecJflc recombination of DKA In yeeeL 

@ A method for producing site-specific recombination of 
ONA in yeast at regions designated tax sites is disclosed. Novel 
strains of yeast transformed wttt DMA sequences comprising 
two tax sites, a regulatory nucleotide sequence and a ere gene 
and yeast-tj^nsJorrrnng ptasrrods havtng a regulatory nucteohde 
sequence and a ere gene are also disctased. 
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Description 

Site-Specific Recombination of DNA in Yeast 
BACKGROUND OF THE INVENTION 

5 

Field ol the Invention . 
This invention relates to a method for producing site-specific recombination of DNA in yeast 



25 



30 



10 § S^fSnSnolt tor commercial applications of genetfc engineering. A method «" l>m**V 
site-specific recombination of DNA in yeast would enhance the commercial potential of yeast as hosts for 

9e Ab re Sw e t , S e c3 »Sm311 (1983) disclose a site-specific recombination system of bacteriophage 
' PI Stem effete of a recombination site designated toxP and a recombinase dasfcnated Cm. The 

^^^8.312:612-615(1984) disclose that a bacterial repressor protein or a yeast tra^tional 
ternSS S^am activation of a yeast gene. Disclosed experiments are said to provide genet* 
S TttlaU ^acreAJrepressor protein manufactured in the yeast cytoplasm can enter the yeast nucleus. 
20 reeoonize its operator and repress gene transcription from a yeast promoter. 
B^sefal^g^ 

.Mo to cntnr and fandton the -tip,.* n« Saccharomvces cemnsiae when the procaryohc protein is . 

5 ^/Technology (December. 1984) disclose a site-specific recombination , system of the 
baSSge Ibda. The sysZ catafyzes recombination between two different sites in DNA. deseed 
KndanB to yield two other different sites, designated Sffl^^'^^^^^ 
^Staml^esence of certain E.cofi proteins and the tnt protein of bacteriophage lambda and can be used to 
^Tg^^^M^^ « al Mot Gen. GeneU 199:396-400 (1985, disclose expression 
of an E. coD phr gene in yeast Saccharomyces cerevisiae. 

"%^£S?P~ *- a method for producing site-specific recombination of DNA in yeast The 
method comprises introducing into the DNA the following sequences: 
« a) a first DNA sequence comprising a regulatory nucleotide sequence and a ere gene. 

b) a second DNA sequence comprising a first tax site, and 

c) a third DNA sequence comprising a second tox site. . . 

The legatory nucteoMe^quence is activated therebylffecting expression of the cm gene and produong 

, J^^Srec^atovm a preferred embodiment the second and third DNA sequences *reh«erted 
40 WoD^KSS a pre-seiected DNA segment There toUows herein a bnef desc.pt.on of the 

111 r^e 9 2 represents the construction of plasmids pBS42 and pBS43. containing a functional LEU2 gene 
as flanked fav tox sites in the same orientation. The tox sites are indicated by 9. 

^re^SpSs the modification of chromolorne 7 of yeast strain DB*»1 ******* 
recordation with pBS42 (panel A) or pBS43 (panel B).The tox sites are indicated by |. The centromere 

15 1£X££*> deletion of the LEU2 gene from yeast strain BSY38 after activation of the GALt 

50 ^"-SSSK SffJ the LEU2 gene occur s * the £ site, as S£f£*fiZ L 
Th?fces are indicated by »; Eco Rl sites are indicated by t . The distance between Eco Rl sites Is 

'•^^re^Kmodification of chromosome 13 of yeast strein DBY931 1 after homologous 

determines the nature of the recombination. i^**** »h«* fntiowtna three 

60 Tused herein, the expression 'site-specific recombination" is intended to include the following inree 

events.^ rf & p^^^ DNA segment flanked by tox sites. 
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2. inversion of the nucleotide sequence of a pre-selected DNA segment flanked by lox sites, and 
3 reciprocal exchange of DNA segments proximate to lox sites located on different DNA molecules. 
•DNA segment* refers to a linear fragment of single- or double-stranded deoxyribonucleic acid (DNA). 
which can be derived from any source. The expression "DNA in yeast* includes all DNA present in yeast cells. 
As used herein a 'gene* is intended to mean a DNA segment which is normally regarded as a gene by those 5 
skilled in the art The expression "regulatory molecule" refers to a polymer of ribonucleic acid (RNA) or a 
polypeptide which is capable of enhancing or inhibiting expression of a gene. 

•Regulatory nucleotide sequence - , as used herein, refers to a nucleotide sequence located 5' to a gene 
whose transcription is controlled by the regulatory nucleotide sequence in conjunction with the gene 
expression apparatus of the ce0. The expression 'nucleotide sequence" refers to a polymer of DNA or RNA. 10 
which can be single- or double-stranded, optionally containing synthetic, non-natural, or altered nucleotides 
capable of incorporation into DNA or RNA polymers. As used herein, a "regulatory nucleotide sequence' can 
include a promoter region, as that term is conventionally employed by those skilled in the art. A promoter 
region can include an association region recognized by an RNA polymerase, one or more regions which 
control the effectiveness of transcription initiation in response to physiological conditions, and a transcription 15 
initiation sequence. "Gene product - refers to a polypeptide resulting from transcription, translation, and. 
optionally, post-translatfonal processing of a selected DNA segment. 

In the present method, a first DNA sequence comprising a regulatory nucleotide sequence and a ere gene Is 
introduced into DNA in yeast. Suitable regulatory nucleotide sequences include GMX GAL10. ADH1. CYC1, 
and TRP5 promoters. GAL1 and GAL10 promoters are present on plasmid pBM150 which is described by *> 
Jormstonand Davis. Molec. CejL Biol. . 4:1440 (1984). The ADH1 promoter, also called ADC1. is present on 
plasmid pAAHS which is described by Ammer, Methods Enzvmot. . 101:192 (1983). The CYC1 promoter is 
described by Stfles et al., Cell. »:277 (1981). The TRW promoter is described by Zalkin and Yanofsky. J, Biol. 
Chem.. 257:1491 (1982); Preferably, the regulatory nucleotide sequence is a GAL1 promoter. 
~lhe gene product of the ere gene is a recombinase herein designated "Cre" which effects site-specific 
recombination of DNA in yeast at tox sites. As used herein, the expression "ere gene* means a nucleotide 
sequence which codes for a gene product which effects site-specific recombination of DNA in yeast at lox 
sites. One ere gene can be isolated from bacteriophage P1 by methods known in the art. One method for 
isolating a c7e~ gene from bacteriophage P1 is disclosed by Abremski et al.. CeP. tt:1301-131 1 (1983). E. cofi x 
DH1 and yeast strain pBSY90 transformed with plasmid pBS39 carrying a ere gene isolated from 
bacteriophage P1 and a GAL1 regulatory nucleotide sequence have been deposited with the American Type 
Culture Collection (ATCC) and bear deposit accession numbers ATCC 53255 and ATCC 20772. respectively. 
The ere gene can be isolated from plasmid pBS39 with restriction enzymes Xho I and Sal I. 

Second and third DNA sequences comprising a first lox site and a second lox site, respectively, are also 3$ 
introduced into the DNA. As used herein the expression "lox site means a nucleotide sequence at which the 
gene product of the ere gene can catalyze a site-specific recombination. LoxP site is a 34 base pair nucleotide 
sequence which can be isolated from bacteriophage P1 by methods known in the art. One method for isolating 
a LoxP site from bacteriophage P1 is disclosed by Hoess et al.. Proc. Natl. Acad. Set. USA . 79:3398 (1982). The 
LoxP"site consists of two 13 base pair Inverted repeats separated by an 8 base pair spacer region. The 40 
nucleotide sequences of the insert repeats and the spacer region are as follows. 
ATAACTTCGTATA ATGTATGC TATACGAAGTTAT 

E. coH DH5 Mac and yeast strain BSY23 transformed with plasmid pBS44 carrying two toxP sites connected 
wtth~a LEU2 gene have been deposited with the ATCC and bear deposit accession numbers ATCC 53254 and 
ATCC 20773. respectively. The lox sites can be isolated from plasmid pBS44 with restriction enzymes Eco Rl 
and Sal I or Xho t and Bam I. In addition, a pre-selected DNA segment can be inserted into pBS44 at either the 
Sal I or Bam I restriction enzyme sites by techniques known in the art. Other suitable lox sites include LpxB. 
LoxL and LoxR sites which are nucleotide sequences isolated from §. cofi. These sequences are disclosed 
an^describeTby Hoess et al.. Proc. Natl. Acad. So USA , 79:3398 (1982). a 

Preferably, the lox site is a LoxP site. Lox sites can also be produced by a variety of synthetic techniques 
which are known in the art Synthetic techniques for producing lox sites are disclosed by Ito et al., Nuc. Acid 
Res.. 10:1755 (1982) and Ogilvie et a!.. Science, 214:270 (1981). 

^Methods for introducing DNA sequences into DNA in yeast at pre-selected regions are known tn the art 
Preferably, the DNA sequences are introduced by a plasmid capable of transforming yeast while carrying a ^ 
DNA sequence. In one embodiment, the first, second, and third DNA sequences are introduced into one strain 
of yeast Alternatively, the DNA sequences are introduced into two different strains of yeast of opposite mating 
types which are subsequently mated to form a single strain having all three DNA sequences. Preferably, the 
plasmid contains either (1) a nucleotide sequence of DNA homologous to a resident yeast sequence to permit 
integration into the yeast DNA by the yeast's recombination system or (2) a nucleotide sequence of DNA ^ 
which permits autonomous replication in yeast. One nucleotide sequence which permits autonomous 
replication in yeast is an ARS sequence described by Stinchcomb et al.. Nature . 282:39 (1979). A partial list of 
plasmids capable of transforming yeast includes YIPS. YRP17 and YEP24. These plasmids are disclosed and 
described by Botstetn and Davis. The Molecular Biology of the Yeast Saccharomyces . Metabolism and Gene 
Expression (ed. Strathern et at.). (Cold Spring Harbor Laboratory. Cold Spring Harbor. NY. 1982). at page 607. # 
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Most preferably, the ptasmid for introducing a DNA sequence comprising a regulatory nucleotide sequence 
and a ere gene is pBS39 or pBS49 and the ptasmid for introducing a DNA sequence comprising a tox site is 
pBS447pBS47, pBS42, pBS43 or derivatives thereof carrying a pre-selected DNA segment other than or in 
addition to the LEU2 gene located between the first and second lox sites. E. cofl DH1 and DH5 Alac 
5 transformed with plasmids pBS39 and pBS44. respectively, have been deposited with the ATCC and bear 
deposit accession numbers 53255 and 53254. respectively. Yeast strains BSY90 and BSY23 transformed with 
plasmids pBS39 and pBS44. respectively, have also been deposited with the ATCC and bear deposit 
accession numbers ATCC 20772 and ATCC 20773. respectively. These yeast strains are opposite mating types 
and can be mated to form a single strain having ptasmid pBS39 and a pBS44 modified chromosome. However, 
10 it should be understood that the availability of a deposit does not constitute a license to practice the subject 
invention in derogation of patent rights granted by governmental action. 

The lox site is an asymmetrical nucleotide sequence. Thus, two tox sites pn the same DNA molecule can 
have thesame or opposite orientations with respect to each other. Recombinations between lox sites in the 
same orientation result in a deletion of the DNA segment located between the two lox sites. The deleted DNA 
15 segment forms a circular molecule of DNA. The original DNA and the resulting circular molecule each contain a 
single lox site. Recombination between tox sites in opposite orientations on the same DNA molecule result in 
an inversion of the nucleotide sequence of the DNA segment located between the two lox sites. In addition, 
reciprocal exchange of DNA segments proximate to lox sites located oh two different DNA molecules can 
occur. All of these recombination events are catalyzed by the gene product of the ere gene. 
20 In a preferred embodiment of the present invention, the second and third DNA sequences are introduced 
into DNA in yeast connected by a pre-selected DNA segment. The segment can be a gene or any other 
sequence of deoxyribonucleotides of homologous, heterologous or synthetic origin. Preferably, the . 
preselected DNA segment is a gene for a structural protein, an enzyme, or a regulatory molecule. If the first 
and second tox sites have the same orientation, activation of the regulatory nucleotide sequence produces a 
25 deletion of the pre-selected DNA segment If the first and second tox sites have opposite orientation, 
activation of the regulatory nucleotide sequence produces an inversion of the nucleotide sequence of the 
pre-selected DNA segment. 
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UTILITY 

Genes engineered into yeast for producing a foreign protein are often placed under the control of a hlghJy 
active promoter. The activity of the promoter can result in an overproduction of the protein which interferes 
with the growth of the engineered yeast. This overproduction of the protein can make it difficult to grow 
engineered yeast in sufficient quantity to make protein production economically feasible. The present 
invention provides a method whereby engineered yeast can be grown to a desired density prior to expressing 
35 the engineered gerie. The engineered gene is expressed, as desired, by activating a regulatory nucleotide 
sequence responsible for controlling expression of the ere gene. Methods of controlling the expression of an 
engineered gene according to the present invention include the following: 

(1) A DNA segment flanked by lox sites in the same orientation is introduced into DNA in yeast between 
M a promoter and an engineered gene to render the promoter incapable of expressing the gene. A second 
¥J DNA sequence comprising a regulatory nucleotide sequence and a pre gene is also Introduced in the 
DNA. After the engineered yeast are grown to a desired density, the regulatory nucleotide sequence is 
activated thereby effecting expression of the ere gene and producing a deletion of the DNA segment. The 
engineered gene would then be expressed. 
45 (2) A gene for a regulatory molecule flanked by tox sites in the same orientation is introduced into DNA 

in yeast The regulatory molecule inhibits expression of an engineered gene A second DNA sequence 
comprising a regulatory nucleotide sequence and a ere gene is also introduced into the DNA. After the 
engineered yeast are grown to a desired density, the regulatory nucleotide sequence is activated thereby 
effecting expression of the ere gene and producing a deletion of the gene for the regulatory molecule. The 
50 engineered gene would then be expressed. 

(3) An engineered gene lacking a promoter and flanked by two lox sites in opposite orientations ts 
Introduced into DNA m yeast such that the 3* end of the gene lies adjacent to the transcription start site of 
a regulatory nucleotide sequence. A second DNA sequence comprising a regulatory nucleotide 
sequence and a pre gene is also introduced into the DNA. Since the engineered gene would be 
55 transcribed In the antisense direction, no engineered protein would be produced. After the engineered 

yeast is grown to a desired density, the regulatory nucleotide sequence is activated thereby effecting 
expression of the ere gene and producing an inversion of the desired gene. The engineered gene could 
then be transcribed in the proper direction and expressed. 

GO Materials and Methods 

Unless otherwise specified, parts and percentages used in this section are by weight and degrees are 
Celsius. 
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St rains and Media 

E. cofi strains DH1 and DH5 AJacU169. or a derivative thereof, served as the E. cofi hosts for aD plasmids 
usecjlnall experiments. The 0H5 AlacU169 strain was obtained from Or. Michael Berman, Litton Bionetics, and 
is a derivative of 0H5. a variant of DH1 which is disclosed and described by Hanahan, J. Mol. Biol. 166:557 
(1983). Media used for bacterial growth are described in Maniatis et at. Molecular CloningA laboratory 
Manual (Cold Spring Harbor Laboratory, New York, 1982). 

~Theteu2 ura3 yeast strains DBY745 (mating type alpha) and DBY931 (mating type a) were used in aU 
exr^rimentsTThese strains are disclosed and described in Falco, Rose, and Botstein. Genetics. 105:843 
(1983) A rich growth medium (YEPD) containing yeast extract peptone and dextrose (glucose) was used for 
non-selective yeast growth A minimal growth medium (SD) containing dextrose and appropriate supplements 
was used tor selective growth and scoring of nutritional markers. These media are descried by Sherman et 
aL Meth ods in Yeast Genetics (Cold Spring Harbor Laboratory. New York, 1974).»n experiments involving 
growth on galactose. 2<Vb galactose was substituted for glucose. To add the selective agent sulfometuron 
methyl (molecular weight 364) to solid media, it was dissolved in acetone at 2 5mg/mL and added to media to 
obtain a final concentration of 30 ug/mL immediatery prior to pouring into culture olshes. 

DNA Pr eparation and Manipulations 

Plasmid DMA was prepared from E. coU according to (1) a rapid method substantially similar to that 
described by Ouigley and Holmes Anal, Bicchem. 114:193 (1981), or (2) a cesium chloride density gradient ^ 
method substantially similar to that disclosed by Davis et al.. Advanced Bacte rial Genetics: A Manual for 
Genetic Engineering (Cold Spring Harbor Laboratory, New York, (1980)). Yeast DNA was prepared by B 
method simitar to that described by Davis et al. Methods in Enzymology . 66: Part I (Academic Press, New York, 
1980) 

Selected host strains of yeast were transformed by a method similar to that of Hinnen et al.. Proc. Nat Acad. ^5 
Sri usa 75: 1929 (1978). except for the following modification. Recipient cells were incubated with glusulase 
(aTg^uronklase/su^ in 1M sorbitol containing 1<tt> beta-mercaptoetha- 

nol and 0 1 M sodium citrate. pH 5.8, to form spheroplasts. E coD strains were transformed according to (1) a 
method similar to that of Mandel and Higa, J. Mol. Biol. 53: 159 (1970) or (2) a method similar to that of 
Hanahan, J. Mol. Biol. 166: 557 (1983). when high efficiency was desired. 30 

All ouwmelhodsof manipulating DNA are described by Maniatis et al., Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor Laboratory. New York, 1982). 

Southern Analysis and DNA Sequencing 

DNA was transferred to nitrocellulose membranes from agarose gels and probed with specific labeled DNA 35 
fragments according to a method similar to that described by Southern, J. Mot. Biol. 98: 503 (1975), herein 
referred to as 'Southern analysis'. DNA segments were sequenced, using a dideoxynucleotide procedure 
similar to that of Sanger et al.. X Mol. BtoL 143 : 161 (1980). 

The method of the present invention is further described by the following examples, wherein all parts and 
percentages are by weight and degrees as Celsius. 



Example 1 

Site-Specific Deletion of LEU2 Gene in Yeast on Chromosome 7 

Stte-soecific deletion of a LEU2 gene present in yeast Saccharomyces cerevisiae DNA was effected 
according to the following procedure. Yeast strairw which were auxotrophic ta^ 

mutation were transformed with the following plasmids-d) pBS49 carrying a ere gene under regulatory 
control of a GAL1 promoter and (2) pBS42 or pBS43 carrying a functional LEU2 gene flanked by IpxP sites in 
the same orientation. The transformed yeast strain contained a functional LEU2 gene and could grow in the ^ 
absence of leucine. Activation of the GAL1 promoter with galactose effected expression of the ere gene and 
deletion of the LEU2 gene. The resulting yeast strain was dependent on leucine for growth. 

Construction of pBS39 and pBS49 

A flow chart illustrating the method used for construction of plasmids pBS39 and pBS49 is set forth in Figure 55 
1 Pfasmid pBS7, a portion of which is shown in Figure 1 . is a derivative of plasmid pRH103 which contains the 
A6 deletion Plasmid pBS7 differs from pRH103 in that the first DNA sequence - ATG - encountered on the ere 
coding strand of pBS7 starting at the Xho I site is that of an intact ere gene. Plasmid pBS7 also has a promoter 
which controls expression of the pre gene in E. cofi. Plasmid pBS7 was digested with Xho I and a Bgt ll-Xho I 
adapter (DNA sequence: TCGAGTAGATCTAC) was figated to the digested plasmid The resulting construct 60 
was then digested with Bgl II and Sal I. The digestion generated a ere containing fragment which was purified 
and then ligated to plasmid pBM150. described by Johnston and Davis, MoL Cett. Biol 4: 1440 (1984). The 
resulting ptasmkJ, designated pBS39, was an autonomously replicating centromere containing yeast vector 
having a ere gene under control of a GAL1 promoter 

PtasmidpBS49 containing the ere gene under the control of the GAL1 promoter was derived from plasmid 65 
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gene upstream from the mouse MH gene and m P*™*^£* eoS ^ i to a Sal I site and the 

haveacregene under confrd of a §^^'™ e ^ polyadenylation signal may facitete 

DNAlSoences der^d from ML! - 
5Si ^jgTUil" * V-* as shown beiow. 

Construction ot p BS42 and pBS43 ^ f Dtesmids pB S42 and pBS43 Is set forth in Figure 

J^aSixiM^p^^^^^^^ from p^^d p B H499 according to 
i ALEU2 gene flanked by toxPsnesm the same °""~""£^H« to form plasmid P BS30. The 6.1 
the fdtoiing method. The ^J'^^^ToS" S between TRP5. a gene having a 
kilobase (kb) Hind III fragment of pJM53 « ^ havi ng a 

known location on chromosome 7 ^^^^X^ested wSvXho I to produce a 
known location on chromosome?. Th« tagment^^^ 

fragment joined head to «*^*»^«^t£22™£^7 present on pJM53 was included to 
SLe pBS42 and P BS4X ^ a ^^ D ^^^TJnS by £ yeast's endogenous 
direct the resulting plasmtd to a homologous region on * ,<= 
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recombination system. 



Transforming Yeas t with pBS42 and pBS43 transformed into yeast strain DBY931 .which 

pS5d¥?BS5 and pBS43 ^^J^^^kiSfo^ow^ selected. Rgure 3 shows thai 
contamsaietfmutation.Yeastce^ 
mtegration^ese plasmids intochr^^ 

tnX^tes reiative to ^^nSTsSte ScTme with lox> site, pointing 

Intention of pBS42 generates yeast strain BSY4 r^ a suosira pB S43 generates yeast 

according to the following procedure Yeast D^^conta^ "9 yeasfSt requiring uracil 

transformed v*mplasn^ P BS49wr^ ^ ^ ^ 

for growth were selected, and designated yeast strain contains plasmid pB S49 having 

3Te on its chromosome 7 was then -^"SS SSdyLl straSTdeslgnated 
«9« under the control of ^ ^^^^^Z^^^^^^ X ^ 
BSY38. As a control, the isogenic diptoid ye est s ^n BSY63 w^ wnsnu , 0 
^ on* in that it P^^^^^^S^n a ere gene and a modified 

S%%> £ ISlWi PBS49 and therefore the ere gene. 

cH^tw, Production of the er e Gene Product _ promoter is inactive in cells growing on 

' L TS»» and Dav». CeB 16: 443 (1979). d £^ e ^^ ^ose.The strains shownmTaWel 
gkjeose but is Induced to a tOOO fold ^£^Hne Sng colonies were replicated to 

are shown in Table I 
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TABLE 


1 




> *■ 






Deletion of 


LEU2 Gene 






Yeast 
Strain 


Plasmid 
with lox 
sites 


Plasmid 

wi tn 
ere gene 


Carbon 
Sou r ce 


Colonies 

r pnti i ri net 

leucine 


Total 
Colonies 


5 


BSY38 


pBS42 


pBS49 


glu 


0 


ai n 


10 


BSY38 


pBS42 


pBS49 


gal 


610 


C 1 ft 

610 




BSY63 


pBS42 


none 


glu 


0 


QC 
OO 


15 


BSY63 


pBS42 


none 


gal 


0 


60 




BSY45 


pBS43 


pBS49 


glu 


0 


77 


20 


BSY45 


pBS43 


pBS49 


gal 


100 


100 


- 


BSY70 
BSY70 


pBS43 
pBS43 


none 
none 


glu 
gal 


0 
0 


80 
100 




glu - 


glucose 


gal - galactose 
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Yeast strains transformed with plasmid pBS49 carrying the ere gene, became leucine reqdre^ (Leu-) when 
oraTongalactose but not when grown on glucose. Yeast strains lacking ptasmkJpBS49 showed a 
completely stable non-leucme requiring (Leu*) phenotype. The results demonstrate that the gene product of 
STore gene (1) can be expressed under the control of the SAL1 promoter. (2) » able to enter the yeast 
nuclei after translation in the yeast cytoplasm, and (3) does effect the recombination between two toj< srtes 
inserted into yeast DNA. Moreover, the recombination at tot sites occurs with sites having both orientations 
with respect to the centromere. The orientation does not affect the accessibility of the tot sites by the gene ^ 

P '^corn«nWofevent was shown to be efficient A log phase culture of yeast strain BSY38 was grown 
with glucose as the carbon source then transferred to growth medium containing galactose. ABquots of the 
Zst were removed from the medium containing galactose at the time mtervateshown in Figure 4 and plated 
on a non-selective medium containing leucine and glucose. The resulting coton.es were assayed by replica 
plating to a selective medium without leucine. The resulting plates were scored after one day and me results 
are shown in Figure 4. The presence of yeast requiring leucine for growth was dete^ed 8 hours after mduction 
v^gXtose.Mer24ho^ 

Physical evidence was obtained to demonstrate that the gene product of the ere gene produced 
racomWration at the lox sites located on chromosome 7. Bght independent leucine requiring isolates of yeast ^ 
strain BSY38 were obtSied by plating BSY38 on agar medium containing leucine and galactose. The total DNA 
f^Te^ch of these leucine rearing isolates was digested with Eco RI and *^^^«^ a «^ 
DBS42 had integrated into chromosome 7 was determined by the method of Southern. J. Mol. Biol. »: 503 
( 197S) using plasmid p8S78 as a probe. Plasmid pBS78 is derived from pBS42 by ere mediated recombination 
at the tot sites in an 6. ce* stain. Plasmid pBS78 contains sequences homologous to the Amp*gene of x 
BBKaHnd to the seg^nSTof chromosome 7 DIW derived from |>JM53 but lacks bomol^ 
oanaofveast Homoloqy detected by p8S78 is Indicated in Figure 5 by the solid black bar. Figure 5 shows the 
% Tthese teucir* requiring derivatives. Shown are the haptoid parent DBY931 (lane 1). the 
hMtoW BSY4 whh the LEU2 containing substrate chromosome 7 (lane 2), lhediplofdBSY63whlcnlecto the 
craolasmld pBS49 (tanelTthe diploid BSY38 with ptasmkJ pBS49 (lane 4). and seven independent galactose w 
induced leucine requiring derivatives of BSY38 (tones 5-11). Also shown are the marker Pto^ pBS78 and 
^TbeWsl^ that afl leucine requiring derivatives tost the 3.4 kb fragment °^««"« * 
the probe Instead, leucine requiring derivatives are shown in Figure 5 to have a 1 ^ kb fragment of DNA as 
predicted by a deletion of the LEU2 gene. The derivatives all show exactly the same structure indicating 
d^tionradocajredor^onttt^^ 65 
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trifle deletion had occurred, integrated plasmid DNA from each ot three ct the leucine requiring Isolates 
wse recovered by cleaving the genomic DNA with Hind HI. The DNA from each Isolate was re-Bgated and used 
Ttra^rk co D . The region proximate to the .ox site was sequenced for two of the plasn^Js The 
seouences were foTTnd to be identical to that predicted by recombination at the to srtes. The third plasmid was 
found to be identical to the other two by restriction mapping, but no sequencing was conducted. 



Example 2 
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Rite-Specific Deletion of UEU2 gene in Yeast , _ ^ M 

The fottowing experiment shows that the rec ombination event at toe srtes m yeast g^ 9 J**f*" 
is deoendent on a funtional ere gene. Plasmid pBS77. a derivative of plasmid pBS49 which contains a 

S£mHI - wNdicuts within the ere gene -and the resulting staggered ends were 

with BSY4 to produce BSY93. Similarly, yeast s^n DB^ was^o 
So^ed with plasmid pBS39-identfcal to pBS49 except it lacks the mouse MJJ. DMA sequences to yteld 
20 ^TtrSnTs^ted BSY90. Yeast strain BSY90 was mated wHh BSY4 to generate a diploid yeast strain 

cotonL^ere transferred onto agar medium containing glucose and leucme ^ were ^t^for ^ 
Srtyto grow irt the absence of leucine by replica plating to appropriate plates. The results are shown in Tabto- 

25 II 

TABLE II 
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Deletion of 


LEU 2 Gene 




Yeast 
Strain 


Plasmid 
with lox 
sites 


Plasmid Colonies 
with requiring 
ere gene leucine 


Total 
Colonies 


BSY38 


pBS42 


pBS49 


10 


10 


BSY91 


pBS42 


pBS39 


10 


10 


BSY93 


pBS42 


pBS77 


0 


10 


BSY63 


pBS42 


none 


0 


10 



Table II shows that the presence of galactose does not affect deletion of the LHK genein yeast ^formed 
w^pBotSS the mutant ere gene. Table n also shows that pBS39. which lacks the por«oncrftt« 
SJmeXthione^ gene presirTt in pBS49. is capable of '^2^125 
50 recombination at lox sites in yeast DNA. Therefore, no portion of the MM genets requred for expression or 
function of the ere gene in yeast transformed with plasmid pBS39. 

Example 3 

other than <£omosome 7. Plasmids for inserting a DNA sequence ^^S^SS^SISS 
sites at thelU/gtocusor, chromosome ««~t c««liueW^ 

H.V2 which cSdesfor suffometuronmethyf resistance >s present on ^^. t ~^™ Tvoe 
SO ^|^ byFa tcoandDurnas.Geneticsl09:21 (1985).PtasmidpCP*4- 

STcodection and bears d^SfScSlon number 39606The Oa ^^J^^SfflS 
gen. on pCP2-4-10 were 7^°,™^^^ 

inserted into the Xho t site of pBS30 to form plasmids pBS44 and V^™^™™^ Mo chromosome 
the inserted Xho I fragment containing the 1LV2 gene. These two plasmids were Wegraieo mio 



8 



0220009 

13 bv transforming yeast strain DBY931 and selecting for non-leucine requiring transformants according to a 
2S^oMio that described in Example 1. Integration of plasmid pBS44 into the ILV? locus on 
S^on^ome 13yielded yeast strain BSY23. Integration of plasmid pBS47 into the ILV2 locus resulted «n yeast 
strain BSY27 Non-leucine requiring transformants obtained by transforming yeast celts with pBS44 - such as 
wast *rain *BSY23-d«ffer from those obtained by transforming them with P BS47 - suc£ as yeas strain 
BSY27 - in that the inserted LEU2 gene has flanking tax sites in opposite orientations with respect to each 
other as shown in Figure 6. The structures of these chromosomes were verified by Southern analysts. Diploid 
Strains of yeast containing one of these chromosomes, and pBS49 which provided a HS 9™ ^ control of 
GAL1 promoter were constructed by 1) mating BSY23 with BSY3 to generate yeast strain ^Y31 and aisowrth 
^strain DBY745 to generate the Cre- control yeast strain BSY56, and 2) mating BSY27 with BSY3to 
Generate yeast strain BSY35 and also with DBY745 to generate the isogenic Cre- control yeast strain BSY59. 

The veast strains shown in Table ill were grown on agar medium containing galactose and leucine. Indrvio^ial 
cotonieYwere transferred onto agar medium containing glucose and leucine and were then tested for their 
ab»ty to grow in me absence of te^^ , 5 

,H ' TABLE III 
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Yeast 
Strain 


Plasmid 
with lox 
sites 


Plasmid 
with 
cre gene 


Colonies 

requiring 

leucine 


Total 
Colonies 


20 


BSY31 


pBS44 


pBS49 


5 


5 


25 


BSY56 


pBS44 


none 


0 


5 




BSY35 


pBS47 


pBS49 


5 


5 


30 


BSY59 


pBS47 


none 


0 


5 





Table III shows that transformed strains which contain a cre gene delete the L£t£ gM*J*M 9™*n« 
^ose c^tailg medium. Thus, the gene product of the cre gene is able to recombm. 
ortentation with respect to normal sequence of chromosome 13 to generate chromosomal deletions on 
chromosome 13 as well as on chromosome 7. 

Example 4 

Srie^Soecroc finverston of L EU2 Gene in Yeast 

^SirLrsion of LEU2 gene present i n yeast DMA is effected according to the follovnng method. A 
first pla^d containing a cr^iene under control of the GAL1 promoter is constructed according to a method 
!£X to that u3 construct pBS* and pBS49 as shown injure 1. 

selectable marker such as sulfometuron methyl resistance and > LEW gene flanked by ^ «tes is 
««anjcted according to a method similar to that used to construct pBS44 and pBS47 except 
«£hUnserted into tte plasmid (1) without a promoter. (2) with flanking toxP srtes £ oppose onentaUons 
wTre^ct to each other and (3) with 3" end of the LEU2 gene proximate to a nucleotide regulatory sequence 
nuch that the oene » transcribed in an antisense direction. 

A veast straTwhich is auxotrophic for leucine is transformed with both pfcsmids according to a mettwd 
sirrttorto that described in Example 1 and Example 3. The resulting yeast are grown In a media containing 
a^^dna The yeasTrequire leucine to grow since the LEU2 gene is inverted ^ «*Pf« * £ 
iromoTer The GAL1 promoter is activated by the presence of galactose as described in Example 1 thereby 
effecting expression of the pre gene and producing the inversion of the LEU2 gene. The resulting yeast are 
capable of growing in the absence of leucine. 
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I A strain of yeast transformed with the following DMA sequences: & 
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i) a first DNA sequence comprising a regulatory nucleotide sequence and a ere gene.; 
u) a second DNA sequence comprising a first lox site, and 
ifi) a third DNA sequence comprising a second tax site. 

2. A strain of yeast as claimed in claim I. wherein the second and third DNA sequences are connected 
by a pre-selected DNA segment. 

3. A strain of yeast as claimed in claim 2. wherein the pre-selected DNA segment is a gene for a 
structural protein, an enzyme, or a regulatory molecule. 

4. A strain of yeast as claimed in any one of the preceding claims wherein the first and second lox sites 
are loxP sites. 

& A strain of yeast as claimed in any one of the preceding claims wherein the ere gene is isolated from 
bacteriophage PL 

6. A strain of yeast as claimed in any one of the preceding claims wherein the regulatory nucleotide 
sequence is a GAU promoter. 

7. A plasmid having a regulatory nucleotide sequence and a ere gene, said plasmid being capable of 
transforming yeast 

8. The plasmid pBS39. 

9. A plasmid having two tox sites connected by a pre-selected DNA segment, said plasmid being 
capable of transforming yeast. ■ • 

K). The plasmid pBS44. 

H. A microorganism transformed with a plasmid as claimed in any one of claims 7 to 10. 

12. A strain of yeast transformed with a plasmid as claimed in claim 7 or darm 8. 

13. The strain of yeast deposited as ATCC 20772 and mutants thereof. 

14. A strain of yeast transformed with a plasmid as claimed in claim 9 or claim K). 

15. The strain of yeast deposited as ATCC 20773 and mutants thereat 

16. A process for producing a diploid strain of yeast as defined in any one of claims 1 to 6 which 
comprises mating a strain of yeast as claimed in claim 12 or claim 13 with a strain of yeast as claimed in 
claim W or claim 6. 

17. A method for producing site-specific recombination of DNA in yeast which comprises activating the 
regulatory nucleotide sequence of a strain of yeast as claimed in any one of claims I to 6 thereby effecting 
expression of the ere gene. 

18. A method as claimed in cfaim 17 wherein the site-specific recombination of the yeast DNA results in 
the expression of an engineered gene. 

Claims tor the following Contracting States: AT.ES 

I. A process for producing site-specific recombination of DNA in yeast, comprising: 

a) introducing into the DNA the following DNA sequences: 

i) a first DNA sequence comprising a regulatory nucleotide sequence and a ere gene. 
H)a second DNA sequence comprising a first lox site, and 
5i) a third DNA sequence comprising a second lox site, and 

b) activating the regulatory nucleotide sequence thereby effecting expression of the ere gene. 
Z A process as claimed in claim I, wherein the second and third DNA sequences are introduced into the 

DNA in yeast connected by a pre-selected DNA segment 

3. A process as claimed in claim I or claim 2, wherein the ere gene is isolated from bacteriophage PL 

4. A process as claimed in any one of the preceding claims, wherein the first and second lox sites are 
loxP sites. 

5. A process as claimed in any one of the preceding claims, wherein the pre-selected DNA segment is a 
gene for a functional protein, an enzyme, or a regulatory molecule. 

6. A process as claimed in any one of the preceding claims wherein the regulatory nucleotide sequence 
is a GAU promoter; 
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